The acute inflammatory response requires a coordinated resolution program to prevent excessive inflammation, repair collateral damage, and restore tissue homeostasis, and failure of this response contributes to the pathology of numerous chronic inflammatory diseases. Resolution is mediated in part by long-chain fatty acid-derived lipid mediators called specialized proresolving mediators (SPMs). However, how SPMs are regulated during the inflammatory response, and how this process goes awry in inflammatory diseases, are poorly understood. We now show that signaling through the Mer proto-oncogene tyrosine kinase (MerTK) receptor in cultured macrophages and in sterile inflammation in vivo promotes SPM biosynthesis by a mechanism involving an increase in the cytoplasmic:nuclear ratio of a key SPM biosynthetic enzyme, 5-lipoxygenase. This action of MerTK is linked to the resolution of sterile peritonitis and, after ischemia-reperfusion (I/R) injury, to increased circulating SPMs and decreased remote organ inflammation. MerTK is susceptible to ADAM metallopeptidase domain 17 (ADAM17)-mediated cellsurface cleavage under inflammatory conditions, but the functional significance is not known. We show here that SPM biosynthesis is increased and inflammation resolution is improved in a new mouse model in which endogenous MerTK was replaced with a genetically engineered variant that is cleavage-resistant (Mertk CR ). Mertk CR mice also have increased circulating levels of SPMs and less lung injury after I/R. Thus, MerTK cleavage during inflammation limits SPM biosynthesis and the resolution response. These findings contribute to our understanding of how SPM synthesis is regulated during the inflammatory response and suggest new therapeutic avenues to boost resolution in settings where defective resolution promotes disease progression.
The acute inflammatory response requires a coordinated resolution program to prevent excessive inflammation, repair collateral damage, and restore tissue homeostasis, and failure of this response contributes to the pathology of numerous chronic inflammatory diseases. Resolution is mediated in part by long-chain fatty acid-derived lipid mediators called specialized proresolving mediators (SPMs). However, how SPMs are regulated during the inflammatory response, and how this process goes awry in inflammatory diseases, are poorly understood. We now show that signaling through the Mer proto-oncogene tyrosine kinase (MerTK) receptor in cultured macrophages and in sterile inflammation in vivo promotes SPM biosynthesis by a mechanism involving an increase in the cytoplasmic:nuclear ratio of a key SPM biosynthetic enzyme, 5-lipoxygenase. This action of MerTK is linked to the resolution of sterile peritonitis and, after ischemia-reperfusion (I/R) injury, to increased circulating SPMs and decreased remote organ inflammation. MerTK is susceptible to ADAM metallopeptidase domain 17 (ADAM17)-mediated cellsurface cleavage under inflammatory conditions, but the functional significance is not known. We show here that SPM biosynthesis is increased and inflammation resolution is improved in a new mouse model in which endogenous MerTK was replaced with a genetically engineered variant that is cleavage-resistant (Mertk CR ). Mertk CR mice also have increased circulating levels of SPMs and less lung injury after I/R. Thus, MerTK cleavage during inflammation limits SPM biosynthesis and the resolution response. These findings contribute to our understanding of how SPM synthesis is regulated during the inflammatory response and suggest new therapeutic avenues to boost resolution in settings where defective resolution promotes disease progression.
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T he resolution response after acute inflammation is necessary for tissue homeostasis (1, 2) , and impaired resolution is an underlying component of several chronic inflammatory diseases, including atherosclerosis and neurodegeneration (3) (4) (5) . Resolution is an active process involving the production of molecules that signal through specific cell-surface receptors to temper inflammation, enhance efferocytosis, and repair tissue damage without compromising host defense (1, (6) (7) (8) . Specialized proresolving mediators (SPMs), which are derived from long-chain fatty acids, represent a key family of resolution effectors. Examples include arachidonic acid (AA)-derived lipoxins, like LXA 4 , and docosahexaenoic acid (DHA)-derived resolvins, such as RvD1 (1, 9, 10) . Interestingly, SPMs can promote their own synthesis; for example, RvD1 promotes the biosynthesis of LXA 4 via nuclear exclusion of 5-lipoxygenase (5-LOX) (11, 12) . Despite these advances, a major gap is the identification of upstream regulators of SPM production.
Mer proto-oncogene tyrosine kinase (MerTK) is a macrophage cell-surface protein that mediates a key process in inflammation resolution, efferocytosis, by interacting with Gas6 or protein S, which are bridging molecules that bind externalized phosphatidylserine on apoptotic cells (ACs) (13, 14) . MerTK engagement triggers AC internalization via cytoskeletal signaling, and it also activates an anti-inflammatory response by suppressing NF-κB (15, 16) . As such, MerTK knockout mice develop a lupus-like phenotype in aged mice (17) , demonstrate accelerated atherosclerosis in hypercholesterolemic mice due to defective clearance of ACs and heightened inflammation (18, 19) , and have increased peritonitis in response to a sterile inflammatory stimulus (20) .
Under inflammatory conditions or in the presence of PKC activators, the ectodomain of MerTK is cleaved by the metalloproteinase ADAM17 (21, 22) . This process disables MerTK, and the cleavage product, soluble Mer (sol-Mer), may competitively inhibit the interaction of intact MerTK with its ligands (21, 22) . Plasma solMer is increased in patients with active systemic lupus erythematosus and rheumatoid arthritis (23, 24) , and cell-surface MerTK is lower in macrophages in ADAM17-rich areas in advanced human atherosclerotic lesions (25) . However, causation studies are lacking. For example, studies using ADAM17 inhibitors are difficult to interpret in view of its many substrates. In this regard, we recently identified proline-485 as the MerTK cleavage site and showed that cells expressing MerTK lacking residues 483-488 (MerTK Δ483-488 ) maintained MerTK-dependent efferocytosis under cleavage-inducing conditions (22) .
Significance
Specialized proresolving mediators (SPMs) are lipids that temper inflammation, enhance efferocytosis, and repair tissue damage after inflammation. However, the upstream regulators of SPM production are not completely identified. We show here that Mer proto-oncogene tyrosine kinase (MerTK) signaling in macrophages promotes the production of SPMs both in vitro and in vivo, and thereby contributes to the resolution process. Moreover, inflammation-induced MerTK cleavage can limit this response, as shown by the improvement in resolution in a new MerTK-cleavage resistant mouse model. These findings increase our knowledge of the regulation of SPM biosynthesis and suggest new ideas for improving resolution in chronic inflammatory diseases.
The various actions of MerTK suggest that it may be a critical mediator of the resolution response, and efferocytosis can stimulate SPM formation (26, 27) . Therefore, we wondered whether MerTK signaling may be involved in the critical resolution process of SPM biosynthesis and whether cleavage of MerTK might contribute to defective resolution in certain inflammatory settings. We show that MerTK signaling promotes the production of SPMs both in vitro and in vivo by affecting the intracellular localization of 5-LOX and that it contributes to circulating SPMs and limits remote organ damage after ischemia-reperfusion (I/R) injury. Moreover, using a new mouse model in which the endogenous Mertk locus has been replaced by one that encodes cleavage-resistant MerTK Δ483-488 (Mertk CR ), we show that MerTK cleavage limits resolution in sterile peritonitis and I/R.
Results
MerTK Deficiency Delays Resolution, Decreases Polymorphonuclear Leukocyte Efferocytosis, and Lowers SPM Levels in Sterile Inflammation.
Zymosan-induced peritonitis is a widely used model of sterile inflammation (28) . To study the role of MerTK, we injected Mertk −/− and WT mice with zymosan intrapertioneally and assayed exudate polymorphonuclear leukocytes (PMNs) over time (Fig. 1A ). There was a rapid influx of PMNs that peaked at ∼8.5 × 10 6 cells at 12 h (T max ) in both groups. PMNs in both groups then declined, but the decline was delayed in the Mertk −/− cohort: The decrease to 50% peak value (T 50 ) was ∼35 h in WT vs. ∼45 h in Mertk −/− , yielding resolution intervals (T max − T 50 ) of ∼23 h in WT mice and ∼33 h in Mertk −/− mice. Moreover, the Mertk −/− exudate showed a significant increase in the percentage of apoptotic PMNs and a significant decrease in the percentage of macrophages with internalized PMNs compared with WT mice (Fig. 1 B and C and Fig. S1 A and B) , consistent with defective efferocytosis.
In view of these data, we questioned whether MerTK deficiency somehow suppressed the production of SPMs during resolution. We therefore assayed peritoneal exudates for immunoreactive SPMs using ELISAs and found that mediators recognized by antilipoxin and antiresolvin antibodies were significantly decreased in Mertk −/− mice (Fig. 1D) . We confirmed these overall findings by liquid-chromatography tandem mass spectrometry (LC-MS/MS), first showing distinct groupings of the lipid mediator profile in WT and Mertk −/− cohorts by partial least squares-discriminant analysis (PLS-DA) and then finding that combined exudate SPMs were lower in the exudates of the Mertk −/− cohort compared with the WT cohort ( Fig. S2 A and B, black and light gray symbols and bars). Neither LTB 4 , the level of which was very low at this time point, nor combined prostaglandins (PGD 2 , PGE 2 , and PGF 2α ) were significantly different between the WT and Mertk −/− cohorts ( Fig. S2 C and D, black and light gray bars). Defective resolution and decreased SPM levels can lead to an imbalance of proresolving vs. proinflammatory cytokines (29) . Consistent with this concept, we found that TGF-β was decreased and TNF-α was increased in the peritoneal exudates of zymosan-treated Mertk −/− mice (Fig. S3A) . However, the macrophage phenotype markers cell-surface CD206 and inducible NOS (iNOS) were similar in exudate macrophage from WT vs. Mertk −/− mice (Fig. S3B , first and second bars). To examine MerTK-mediated SPM production in vitro, we took advantage of an antibody that specifically activates MerTK signaling (30) . We first verified that the antibody stimulates MerTK phosphorylation, which is a measure of MerTK activation (Fig. S4A) , and then showed that it increased immunoreactive SPMs in WT macrophages, but not Mertk −/− macrophages (Fig. 1E) . Similar results were found with human macrophages that were incubated with the endogenous MerTK ligand Gas6: Immunoreactive SPM levels were increased in a MerTK-dependent manner ( Fig. 1F ; documentation of MerTK silencing is shown in Fig. S4B ). We then analyzed control vs. Gas6-activated WT and Mertk −/− murine macrophages for DHA-and AA-derived SPMs by LC-MS/MS and verified that these SPMs were increased by Gas6 in a MerTKdependent manner (Fig. S4C) . In theory, MerTK signaling might increase SPMs by down-regulating the SPM-catabolizing enzyme oxidoreductase 15-hydroxyprostaglandin dehydrogenase (15-PGDH/Hpgd), but we found that the expression of Hpgd did not change with Gas6 treatment of macrophages (Fig. S4D) . (Fig. S5 ). As part of our initial evaluation, we documented that the percentage of resident peritoneal macrophages in Mertk CR mice and the expression of cell-surface MerTK on these macrophages were not significantly different from WT values ( Fig. S6 A and B) and that blood and splenic immune cells were also similar in the two cohorts ( Fig. S6 C and D) .
Macrophages from
To assess cleavage resistance, bone marrow-derived macrophages (BMDMs) from Mertk CR and WT mice were treated with LPS and then assayed for cell-surface MerTK and media solMer. LPS increased sol-Mer and decreased cell-surface MerTK in WT macrophages, but these effects were largely absent with Mertk CR macrophages ( Fig. 2 A and B; positive control for LPS is shown in Fig. S7A ). Similar results were seen by using the ADAM17 activator phorbol 12-myristate 13-acetate (PMA) (22) (Fig. S7 B (Fig. 3A) , indicative of a specific improvement in the resolution response. By using the parameters described above, the resolution interval was improved approximately twofold in the Mertk CR mice (∼13 vs. 24 h). This improvement was associated with a marked decrease in exudate sol-Mer and an increase in cell-surface MerTK on exudate macrophages (Fig.  3B ). Sol-Mer in the exudate was likely from macrophages, because neither exudate nor blood PMNs express MerTK (Fig. S8) . Efferocytosis was improved in Mertk CR exudate, as indicated by fewer cell-free apoptotic PMNs and more macrophage-internalized PMNs ( (Fig. 3E ), and this overall trend was confirmed by LC-MS/MS, which also showed distinct grouping of the Mertk CR cohort by PLS-DA ( Fig. S2 A and B) . As with the Mertk −/− cohort, there were no significant differences or LTB 4 or combined prostaglandins (Fig. S2 C and D) . Moreover, the exudate of the Mertk CR cohort showed an increase in TGF-β and a decrease in TNF-α-i.e., opposite, as predicted, from the direction the Mertk −/− exudate ( Fig. S3C ) and consistent with the previous finding that SPMs can increase exudate TGF-β levels in zymosan peritonitis (28) . Consistent with the Mertk −/− data (above), cellsurface CD206 and iNOS were similar in exudate macrophage from WT vs. Mertk CR mice (Fig. S3B ). To further probe the relationship between MerTK cleavage and SPMs, we tested the effect of MerTK-activating antibody on macrophages treated with or without the cleavage inducer PMA. Under control conditions, the antibody was able to boost mediators recognized by the antilipoxin ELISA equally well in WT and Mertk CR macrophages (Fig. 3F , first two pairs of bars). With PMA, anti-MerTK was unable to increase these mediators in WT macrophages, but it was able to increase them in Mertk 
(G) As in
A, but at 20 h after zymosan, the mice were injected intraperitoneally with blocking antibody against ALX or IgG control, and then exudate PMNs were quantified at 30 h after zymosan. *P < 0.05 [vs. WT (mean ± SEM, n = 4 mice per group; A-E)]. In F, bars with asterisks are statistically the same among each other and different from all other bars at P < 0.05 (mean ± SEM, n = 3 experiments); for G, different symbols indicate values that are statistically different from each other and from IgG control at P < 0.05 (mean ± SEM, n = 4 mice per group).
macrophages ( Fig. 3F , last two pairs of bars). Thus, MerTK cleavage limits the ability of MerTK activation to boost mediators recognized by the antilipoxin under cleavage conditions. To determine whether the increase in SPMs was linked to the improvement in resolution in Mertk CR mice, we prevented SPM action by intraperitoneal injection of a blocking antibody against the common RvD1/LXA 4 receptor ALX/FPR2. This treatment prevented the proresolving benefit of Mertk CR , as indicated by a twofold elevation in PMNs at 30 h (Fig. 3G) . Thus, in sterile peritonitis, MerTK cleavage limits its proresolving actions, including efferocytosis and SPM synthesis. (Fig. 4C) , which was associated with a decrease in TGF-β and increase in TNF-α in Mertk −/− mice and an increase in TGF-β and a decrease in TNF-α in Mertk CR mice (Fig. S9B) . SPMs have been shown to attenuate platelet-PMN interaction and reduce I/R-induced lung injury (32) . In this context, we found that platelet-PMN aggregates were substantially enhanced in Mertk −/− mice and reduced in Mertk CR mice (Fig. 4D ). These data further substantiate the proresolving role of MerTK and its compromise by MerTK cleavage.
MerTK-Induced SPM Production Involves an Increase in the Cytoplasmic:
Nuclear Ratio of 5-LOX. A previous study reported that incubation of macrophages with ACs increased LXA 4 in a TGF-β-dependent manner (35) . However, the AC receptors, mechanisms, and significance in vivo were not explored, and we found that the MerTKmediated increase in LX-i was not inhibited by treating the cells with the TGF-β receptor type I/II kinase inhibitor LY2109761 (Fig.  S10A) ; as a positive control for LY2109761, we show that it lowers the TGF-β signaling intermediate p-SMAD2 (Fig. S10A, Inset) . We next focused on the regulation of SPM vs. leukotriene synthesis by the cellular location and phosphorylation of 5-LOX, because cytoplasmic 5-LOX, in contrast to nuclear p-Ser271-5-LOX, promotes SPM synthesis (36) . For example, ALX activation by SPMs in macrophages can promote cytoplasmic 5-LOX and LXA 4 synthesis (11). To determine whether this mechanism is used by MerTK to promote SPM biosynthesis, we treated macrophages with MerTKactivating antibody or control IgG and analyzed the intracellular localization of 5-LOX by confocal immunofluorescence microscopy. In MerTK-activated macrophages, there was an approximately twofold increase in the cytoplasmic:nuclear ratio of 5-LOX (Fig. 5A) . Similar results were obtained by using ACs to activate MerTK (Fig.  5B) . To assay p-Ser271-5-LOX, we used human macrophages due to antibody specificity and found that activation of MerTK by its ligand Gas6 lowered p-Ser271-5-LOX (Fig. 5C ) and decreased the activity (sham values for WT, Mertk −/− , and Mertk CR were 1.5%, 1.3%, and 1.6%, respectively). *P < 0.002 (mean ± SEM, n = 6-10 mice per group). of the 5-LOX kinase MK2 (37) (Fig. S10B) . Moreover, Gas6 increased cytosolic 5-LOX and decreased nuclear 5-LOX (Fig. S10C) . In vivo, the cytoplasmic:nuclear 5-LOX ratio in exudate macrophages 30 h after intraperitoneal zymosan was decreased in Mertk −/− and increased in Mertk CR mice vs. WT mice (Fig. 5D) . To examine causation, we transfected macrophages lacking 5-LOX (Alox5 −/− ) with either WT Alox5 or S271D-mutant Alox5, which mimics p-5-LOX and promotes its nuclear retention (11) . In contrast to the case with WT 5-LOX macrophages, MerTK activation was unable to increase the cytoplasmic:nuclear 5-LOX ratio or LX-i in S271D 5-LOX macrophages (Fig. 5 E and F) . These combined data support a model in which MerTK activation increases the ratio of cytoplasmic-to-nuclear 5-LOX and decreases p-S271-5-LOX, which leads to increased production of SPMs.
Discussion
Tyro3-Axl-MerTK (TAM) receptors on myeloid cells, including MerTK, act as a fascinating bridge between two key resolution functions, efferocytosis and suppression of inflammation (38) . In particular, MerTK not only mediates efferocytosis, but also triggers signaling responses that dampen inflammation (14, 30, (39) (40) (41) (42) (43) (44) (45) . We now add SPM synthesis to MerTK's repertoire of proresolving functions. In this context, understanding the regulation of MerTK is a critical issue, with most studies focusing on its transcriptional induction (e.g., by glucocorticoids, LXR, and ERK5) (46) (47) (48) . The discovery of ADAM17-induced MerTK cleavage raised the possibility of a posttranscriptional mechanism (21, 22) , but in vivo proof was lacking because currently available tools (e.g., ADAM17 inhibitors) are nonspecific. By creating a mouse with a specific defect in MerTK cleavage, we now show that this mode of MerTK regulation plays a critical role in efferocytosis and SPM synthesis in inflammatory settings.
A previous study found that Mertk −/− mice had a higher peak of PMNs in response to intraperitoneal zymosan than WT mice (20) . In contrast, we found a specific defect in the resolution phase in Mertk −/− mice and specific improvement in resolution in Mertk CR mice-both without any change in peak PMN response. Of note, our peritonitis experiments were conducted in C57BL/ 6J mice, with validation using a tissue-injury model and with pathway verification in human macrophages. In contrast, the previous study used BALB/c mice, which are more Th2-dominant, have different responses to both sterile and infectious insults, and demonstrate a less robust capacity to initiate tissue repair (49, 50) .
A fascinating issue that arises from the findings herein is whether MerTK cleavage has a physiologic role. In the initial phases of the host defense response, robust inflammation is advantageous for both pathogen neutralization and as a trigger for the subsequent resolution response (51) . If one considers the larger picture of the ADAM17-cleavage program, including the production of TNF-α (52), early cleavage of MerTK may promote robust inflammation by temporarily delaying the production of SPMs. The compromise in efferocytosis would not be detrimental at this stage, because it would be before PMN apoptosis. Then, when the resolution response is needed and ACs begin to appear, ADAM17 activity would diminish, and the resulting increase in MerTK would promote both resolution and efferocytosis. Whether Mertk CR mice have a disadvantage in certain types of acute infectious settings remains to be determined, but the many functions of ADAM17 that are unperturbed in these mice may prevent this from happening.
In summary, we show that activation of MerTK can trigger the formation of SPMs and promote resolution in vivo and that cleavage of MerTK during inflammation limits these effects. These findings suggest that therapeutic strategies that prevent MerTK cleavage may be particularly beneficial for inflammatory diseases characterized by excessive MerTK cleavage and driven by defective resolution.
Materials and Methods
Zymosan A-Induced Peritonitis. The 8-to 10-wk-old C57BL/6J mice were injected intraperitoneally with 1 mg of zymosan (Sigma) per mouse, and peritoneal exudates were collected at the indicated time intervals at the time of death (28) . To block ALX, mice were injected intraperitoneally at 20 h after zymosan with 100 μg per mouse anti-ALX antibody (Santa Cruz Biotechnology). All procedures were conducted in accordance with the Columbia University Standing Committee on Animals guidelines for animal care.
Hindlimb I/R. Hindlimbs were ligated in 10-wk-old mice with no. 16 rubber bands (32) and then removed after 1 h. The mice were killed 90 min later, and whole blood was collected by ventricular puncture using 1-mL syringes precoated with citrate dextrose solution. The lungs were removed and snapfrozen in liquid nitrogen for MPO assay. To score lung injury, lungs were perfused and fixed in 10% (vol/vol) formalin, followed by paraffin embedding, sectioning, and hematoxylin and eosin staining. The sections were examined for five features-PMNs in the alveolar space, the interstitial space, hyaline membranes, proteinaceous debris filling the airspaces, and alveolar septal thickening; this information was used to calculate a lung injury score as described by Matute-Bello et al. (34) .
Quantification of Lung MPO. The left upper lung lobe from each mouse was thawed and trimmed to an approximate wet weight of 0.3 mg and then placed in a 2-mL flat-bottom microcentrifuge tube containing 450 μL of icecold RIPA buffer (Santa Cruz Biotechnology) with 1× Halt Protease Inhibitor Mixture (Thermo Scientific). The tissue was homogenized on ice by using a hand-held homogenizer, and then centrifuged at 20,000 × g for 10 min. The supernatant fractions were transferred to clean tubes, and MPO was quantified in 50-μL aliquots, in duplicate, using an R&D ELISA kit, per the manufacturer's instructions.
Assay of Sol-Mer. BMDMs were incubated for 2 h in 500 μL of serum-free medium alone or containing 50 ng/mL LPS (Escherichia coli 0111:B4; SigmaAldrich) or 50 nM PMA (Sigma-Aldrich). The media were collected, concentrated 10-fold with ultracentrifugal filters (10,000 molecular weight cut-off; Amicon), lysed with 4× Laemmli sample buffer, and subjected to SDSpolyacrylamide gel electrophoresis and immunoblot analysis.
Treatment of Macrophages with Gas6. Macrophages were treated with 10 nM γ-carboxylated Gas6 for 1 h, which was added as conditioned medium harvested from Gas6-transfected HEK293-6E cells, as described (53) . Conditioned medium from nontransfected HEK293 cells served as the control and is referred to in the figures as "vehicle." Both control and Gas6-conditioned medium were free of SPMs as measured by SPM ELISA.
SPM ELISA Assays. Macrophages were suspended at a concentration of 3 × 10 6 cells per 300 μL in Dulbecco's PBS containing calcium and magnesium and then incubated for 1 h at 37°C with 5 nM MerTK-activating antibody (R&D, AF591) vs. control IgG, or vehicle control vs. recombinant γ-carboxylated Gas6. The macrophage media were then harvested for analysis by the Neogen LXA 4 ELISA kit, which has the following cross-reactivities of ≥0.1% according to the manufacturer: 15-epi-LXA 4 (24%), 5(S),6(R)-DiHETE (5%), LXB 4 (1%), and 15-HETE (0.1%); or they were analyzed by the Cayman RvD1 ELISA kit, with cross-reactivities to 5(S),6(R)-LXA 4 (20%), 17(R)-RvD1 (4.2%), and 10(S),17(S)-DiHdoHE (0.7%). We refer to the former as LX-i and the latter as RvD-i, where "i" stands for "immunoreactive." The data are reported as fold change in the experimental group relative to IgG or vehicle control, which was set at 1.0. Similar analyses were conducted on peritoneal exudates for the zymosan experiments and plasma for the I/R experiments. In all cases, the 50 μL of sample, with plasma diluted 1:3, was assayed per the manufacturer's instructions.
Statistics. Student t test or one-way ANOVA with post hoc Tukey tests was used to determine significance. All error bars represent SEM.
Translational Immunology/Diabetes and Endocrinology Research Center Flow Core facility, funded in part by NIH/NIDDK Center Grant 5P30DK063608 and by the Office of the NIH Director under Shared Instrumentation Grant S10OD020056. ) vector was generated by a two-step BAC "recombineering" knockin approach (54) . Briefly, by using SW105 cells, the 6-aa/18-nt Mertk cleavage site in Mertk BAC Clone RP23-466I22 (GenBank accession no. AG580391) was replaced with a temporary selectable marker (galK) via homologous recombination. Positive selection was based on growth in minimal media containing galactose as the only carbon source. The galK expression cassette was flanked by 50-nt regions immediately upstream and downstream of the Mertk cleavage site codons (tac gca ccc tcg tca acc), which resides on chromosome 2, exon 10 (NM_008587). Second, the galK cassette was removed by recombination with a 100-bp homologous doublestrand oligonucleotide spanning 50 bp on either sides of the Mertk cleavage site codons. Removal of the cassette was selected for by resistance to 2-deoxy-galactose, which, when phosphorylated by galK, becomes cytotoxic. After inserting a floxed Neo cassette into the Mertk Δ483-488 BAC, a LNL (Loxp-Neo-Loxp) cassette was inserted into the intron downstream of exon 10. The gene-targeting vector was then generated by inserting into a plasmid a sequence containing 5 kb upstream of the deletion site, the LNL cassette, and the sequence 2 kb downstream of the cassette. This plasmid was then introduced into KV1 ES cells (129S6B6 hybrid) to modify the Mertk allele through homologous recombination. A forward primer from the LNL cassette and a reverse primer in the downstream region of the 2-kb short arm (not residing in the short arm) were used for PCR to confirm insertion of the targeted Neocontaining Mertk mutant allele. Another forward primer in the upstream region of the 5-kb long arm and a reverse primer form the LNL cassette were used for PCR, and the PCR product was used to validate the deletion of the codons encoding the 6 amino acids spanning the MerTK cleavage site by DNA sequencing. Targeted ES clones were then injected into C57BL/6J blastocysts to generate germ-line chimeras, which carried agouti coat color contributed by the dominant Agouti allele (A) from KV1 ES cells. To confirm germ-line transmission, male chimeric mice were bred to C57BL/6J female mice such that Agouti F1 pups were indicative of germ-line transmission. The neo cassette was removed by crossing the F1 heterozygotes to EIIa-Cre deleter mice (B6.FVB-Tg [EIIa-cre] C5379Lmgd/J). After the removal of the neo cassette, the heterozygote floxed allele in the pups was further confirmed by PCR genotyping.
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Preparation of Murine BMDMs and Human Monocyte-Derived
Macrophages. For BMDMs, bone marrow cells were cultured for 7 d in DMEM containing macrophage-colony stimulating factor (21) . For human macrophages, monocytes were isolated from buffy coats of de-identified healthy volunteers (New York Blood Center) (55) . For differentiation into macrophages, the monocytes were cultured for 10 d in RPMI medium, containing glutamine, penicillin/ streptomycin, 10% (vol/vol) FBS, and 10 ng/mL recombinant human GM-CSF (PeproTech). (26) . For assessment of plateletleukocyte aggregates (PLAs), 50 μL of whole blood underwent red blood cell lysis using BD PharmLyse (BD) per the manufacturer's instructions (BD PharmLyse). Aliquots of ∼1 × 10 6 cells were resuspended in FACS buffer containing a mixture of antibodies or isotype controls, which included FITC-CD41 (eBioscience), PerCP Cy5.5-Gr1 (BD Biosciences), PECy7-CD11b (eBioscience), Pacific Blue-CD45 (BioLegend), and APC-CD115 (eBioscience). After 30-min incubation at 4°C, the cells were centrifuged at 8,000 × g for 5 min and then resuspended in 5% (vol/vol) formalin for overnight fixation. Before analysis, the cells were centrifuged and then resuspended in FACS buffer for analysis. Flow-cytometric assessment was performed by using a FACSCanto II (BD Biosciences), and data were then analyzed by using FlowJo (Tree Star).
ELISA Assays for TGF-β and TNF-α. Levels of TGF-β and TNF-α from mouse peritoneal exudates and plasma were quantified by using platinum ELISA (eBioscience), according to the manufacturer's instructions.
Efferocytosis Assay. Jurkat cells were labeled with Calcein Green-AM and then exposed to UV light (254 nm, UVP) for 5 min to induce apoptosis. The labeled ACs were then added to BMDMs plated on coverslips (LabTek) at a ratio of 5 ACs:1 macrophage. After incubation for 1 h, the percent macrophages with internalized ACs were quantified by fluorescence microscopy (Fig. 2C) .
Confocal Microscopy for Intracellular Localization of 5-LOX. BMDMs were plated on coverslips and incubated with either IgG or MerTK-activating antibody, as described in the figure legends. Some of the BMDMs were transfected with plasmids encoding WT-5-LOX or mutant 5-LOX in which Ser-272, which is referred to as Ser-271 in the literature (37, (56) (57) (58) , was mutated to an aspartic acid residue; for consistency with the literature, we refer to this mutant construct as S271D-5-LOX (11). WT 5-LOX plasmid was purchased from Origene, and mutagenesis was carried out by Genewiz. Transfection of these plasmids was done on fully differentiated BMDMs with JetPei macrophage reagent (Polyplus), using 4.2 μg of plasmids and a transfection time of 48 h. After the addition of 5% (vol/vol) cold formalin, the cells were incubated for 60 min at 4°C with permeabilization buffer (BD Perm/Wash) containing anti-5-LOX antibody (Abcam). Excess antibody was then removed, and the cells were incubated with Alexa 568 anti-rabbit-IgG (Life Technology) for an additional 30 min at 4°C. The cells were counterstained with Hoechst to identify nuclei, viewed on a Nikon A1 confocal microscope, and analyzed by using ImageJ software (11) .
Cell Fractionation and Immunoblotting. Cytosolic and nuclear fractions from human monocyte-derived macrophages were harvested by using the Nuclear Extract Kit from Active Motif according to the manufacturer's instructions. Cell extracts were electrophoresed on 4-20% gradient SDS-polyacrylamide gels and transferred to 0.45-μm nitrocellulose membranes. The membranes were blocked in Trisbuffered saline/0.1% Tween 20 (TBST) containing 5% (wt/vol) nonfat milk at room temperature for 1 h and then incubated with the primary antibody in TBST containing 5% (wt/vol) nonfat milk or 5% (wt/vol) BSA at 4°C overnight. The membranes were then incubated with the appropriate secondary antibody coupled to horseradish peroxidase, and proteins were detected by the ECL Supersignal West Pico chemiluminescence kit (Pierce). Antibodies used for immunoblotting were as follows: polyclonal goat anti-mouse MerTK antibody and goat anti-human MerTK antibody (R&D Systems); anti-phospho-MerTK (FabGennix); anti-phospho-5-LOX (S271); anti-5-LOX; anti-phospho-MK2; anti-MK2; anti-phospho-p38 MAPK (Thr-180/Tyr-182), anti-p38 MAPK, anti-phospho-NF-κB, anti-NF-κB, anti-lamin A/C, anti-HRP-GAPDH, and anti-HRP-β-actin (Cell Signaling Technologies).
siRNA Treatment. ON-TARGETplus human MerTK siRNA and negative control RNA were purchased from Dharmacon. Human monocyte-derived macrophages were incubated in medium containing 50 nM siRNA or control RNA plus Lipofectamine RNAiMAX (Life Technology). After 24 h, the media were replaced with fresh media without these reagents. After 48 h, the experiments were conducted as indicated. Briefly, lipid mediators were extracted by C18 column chromatography, and methyl formate fractions were taken to dryness under a stream of N 2 gas before suspension in methanol:water (50:50) . Samples were analyzed by using a high-performance liquid chromatograph (Shimadzu) coupled to a QTrap5500 mass spectrometer (AB Sciex). The instrument was operated in negative ionization mode, and lipid mediators were identified and quantified by using multiple reaction monitoring (MRM) transitions, information-dependent acquisition, and enhanced product ion scanning (59) , after normalization to extraction recovery based on internal deuterium-labeled standards and calibration curves using external standards for each mediator. The specific MRM transitions used were: 17-HDHA (343 > 245), 14 , and Mertk CR mice were subjected to 60-min bilateral hindlimb ischemia followed by 120-min reperfusion. Perfused and fixed lungs were then sectioned and stained with hematoxylin and eosin. The quantified lung injury score data appear in Fig. 4B . Arrows, neutrophils. (Magnification, 20×.) (B) After I/R, plasma TGF-β and TNF-α from WT, Mertk −/− , and Mertk CR mice were measured by ELISA. *P < 0.05 vs. WT control mice. Human monocyte-derived macrophages were treated for 1 h with vehicle control or human Gas6 and then either immunoblotted for p-MK2 and total MK2 or fractionated into cytosolic and nuclear fractions and immunoblotted for 5-LOX, the nuclear protein lamin A/C, and the cytosolic protein GAPDH.
